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= ASD: what is it and how does it work?
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= On system testing in particular

= Future extensions of ASD
= |mpact on system testing




What is ASD?

= Analytical Software Design

= ASD is a component-based technology supported by a
toolset for:

= constructing correct industrial scale systems from verified
components
= ASD provides:
= Support for specification of interface and design models

= Visual verification based on automatic generation of formal
models

= Automatic code generation (Java, C++, C#, MISRA-C)

= ASD guarantees:

= equivalence between ASD models, formal models and runtime
behaviour of generated code
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I Why is it different
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I Why is it different

= ASD Models are;
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= Complete
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Errors / \
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Generate
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EU patent 1749264
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I Semiconductor industry case

= Nanda Technologies GmbH builds
wafer inspection systems

= Robot, lamps, camera, filters, sensors,
safety shutters, ..
= Lot of signals to process
= External wafer control requests
= Hardware feedback (functional and failures)
= Parallelism needed for optimal throughput

= Lack of time and people ”E““““rmfh

= Nanda Tech decided to use Verum'’s
ASD technology

ASD in practice



I Software architecture (simplified)
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I Stage Design
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I First attempt

= Make models

| Traditional Is the model correct ?
model
= Use code generator to O

\

automatically generate
code (not verified)
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I First attempt: design model

) dmiStage - ASDSuite Release 3 - 5

a—

File Edit View Filters Tools Help | -|
e Jd &9 © & @3@ X & X% 59 00 d £ p fr w X

] Stage | | Used Services | Tags |

505 | states | State Variables |

IStage.VoidReply; XStageTradkIStageTrack. Stop

Interface Event Guard Actions State Variable Updates Target State Comments Tags *
48 YStageTrack:StageTrackCE  Terminated Tllegal - Misbehaving stage HAL - cannot occur b
49 (Calibrating <IStage.Initialise+, IStage.Calibrate>
51 IStage nitialise+ ! lllegal _— = e — B

: StageVoidReph ATrackStopped=false; Grons : Deme: Induce dead-lock by removin

22 hhtage ! Jexminate ] &StaggeTra ck:IEt::geTra ck.Stop ¥Track5to Eggd;fa! ;: ! dstmnatng Soppingliicks one of the StageTra gk_.ﬁtopygesglgﬂselgg: =
53 IStage Start Illegal =
54  IStage LoadWafer Illegal = =
55  IStage UnloadWafer Tilegal -
56 IStage Stop Tllegal = i
51 Istage MoveToFOUPLoadPort Illegal =
58 Istage MoveTolnputloadPort Illegal -
59 Istage MoveToOutputloadPort Tllegal 3
60  IStage MoveTolnspectionUnit Illegal -
61 IStage Calibrate Tllegal -
65  KStageTrack:IStageTrackCB | Calibrated ¥TrackHomed==false NeOp KTrackHomed=true Calibrating Was null

KTrackHomed=true:
StageftUnload=false;

66 AStageTrack:IStageTrackCE | Calibrated YTrackHomed==true I5tageCB.Calibrated OK StagedtInput=false; Calibrated
StageAtInspection=false;
Wafer oaded=falzse

67  KStageTrack:IStageTrackCE | Arrived Illegal %
68  XStageTrack:IStageTrackCE | Stopped Illegal -
69  XStageTrack:IStageTrackCE  Terminated Tllegal 2
70 YStageTrack:IStageTrackCB | Calibrated KTrackHomed==false NeOp Y¥TrackHomed=true Calibrating

¥TrackHomed=true:
StageAtUnload=false

71 YStageTrack:IStageTrackCE | Calibrated KTrackHomed==true I5tageCB.Calibrated OK StagedtInput=false; Calibrated
StageftInspection=false;
Wafer oaded=falzse

72 YStageTrack:IStageTrackCE | Arrived Illegal 3

73 Y5tageTrack:IStageTrackCE | Stopped Illegal -

74 Y5tageTrack:IStageTrackCE | Terminated Illegal =

75 Terminating_StoppingTracks <IStage.Initialise+, IStage.Calibrate, [Stage.Terminate> =
II_ ISian TInitialicas Tlanal

M_|_!a !.I;“'Iodel size: 525 ASD Function Points e {7.0.0) | !-tonnected é




I First attempt: results verification

r"lfer'f'ﬁcéi"éhn Results b

roductimodels\Stage. dm]

& IStage
[X:\Dem.. tratorp
=
: b L
iy IStage

Maodelling Errar chedk
Livelock chedk
Deadlock check

|| IlightSensorHAL
Modelling Error check
Livelock check

igj IStageTrack
Moaeling Error check
Uvelod: check

\=d| IStage
Determinisiic check
Modelling Errar check

Deadlock check

Livelock check

Interface Compliance chack

| ONove:ss | 10Nove20:ss

150 ,,_4:" Passed = 1m
150 of Passed < 1m
145 ,#{ Passed < im
9 Ef Passed < 1m
9 ,,H{ Passed = 1m
69 g" Passed < 1m
69 -@:" Passed < 1m
181 of Passed < 1m
332 -,L,;"' Passed < 1im
332 X Faied < 1m

< Ekipped

-+ Ekipped
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I First attempt: results verification

Visual Verification b‘
Chedk: | || IStage - Deadlock check - |Example: |Example 11
Sequence Diagram | Advanced \_l'ie_w |

PN = ) ) E TR T e W

Internal

Used Services

= Clent & IStage DPC:Q ] [lgi Lightﬁensur] [:.‘gi xsmgeTrack]

o e N T

Y

¥StageTrack:IStageTrack. Calibrate

NStageTrack:IStageTrack.NullRet

| YStageTrack:1StageTrack. Calibrate

IS5tage.Terminate

¥

XStageTrack:1StageTrackINT. Stopped
B T

Environment

| XStageTrack:IStageTrack. NullRet

————————————————————————————————————— I e |

| ¥StageTrack:1StageTrackcB. Stopped

X5StageTrackIStageTrackCE. Stopped)|
_—

¥StageTrack:1StageTrackCB. Calibrated

YStageTT%dc 1StageTrackCB. Calibrated
I
-

Deadiock |
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I First attempt: change design model

N dmiStage - ASD:Suite Release 3 - [5

i

File Edit View Filters Tools Help
e Jd &9 © & @3@ X & X% 59 00 d £ p fr w X

] Stage | | Used Services | Tags |

s65 | States | State Variables |

IStage.VoidReply; XStageTradkIStageTrack. Stop

Interface Event Guard Actions State Variable Updates Target State Comments Tags *
48 YStageTrack:StageTrackCE  Terminated Tllegal - Misbehaving stage HAL - cannot occur b
49 (Calibrating <IStage.Initialise+, IStage.Calibrate>
51 IStage nitialise+ lllegal N = e — B

: ESta eVoidReph ATrack¥opped=false Grons : Deme: Induce dead-lock by removin

22 hhtage .Termlnate Stag eTrack:IEt:: elrack.5to ¥Tra tloggled:fa! ;: .Termlnatlng_StopplngTracks one of the StggeTragk_.$togygesggﬂsgsg: =
53 IStage Start Illegal =
54  IStage LoadWafer IHegal = =
55  IStage UnloadWafer Tilegal -
56 IStage Stop Tllegal = i
51 Istage MoveToFOUPLoadPort Illegal =
58 Istage MoveTolnputloadPort Illegal -
59 Istage MoveToOutputloadPort Tllegal 3
60  IStage MoveTolnspectionUnit Illegal -
61 IStage Calibrate Tllegal -
65  KStageTrack:IStageTrackCB | Calibrated ¥TrackHomed==false NeOp KTrackHomed=true Calibrating Was null

KTrackHomed=true:
StageftUnload=false;

66 AStageTrack:IStageTrackCE | Calibrated YTrackHomed==true I5tageCB.Calibrated OK StagedtInput=false; Calibrated
StageAtInspection=false;
Wafer oaded=falzse

67  KStageTrack:IStageTrackCE | Arrived Illegal %
68  XStageTrack:IStageTrackCE | Stopped Illegal -
69  XStageTrack:IStageTrackCE  Terminated Tllegal 2
70 YStageTrack:IStageTrackCB | Calibrated KTrackHomed==false NeOp Y¥TrackHomed=true Calibrating

¥TrackHomed=true:
StageAtUnload=false

71 YStageTrack:IStageTrackCE | Calibrated KTrackHomed==true I5tageCB.Calibrated OK StagedtInput=false; Calibrated
StageftInspection=false;
Wafer oaded=falzse

72 YStageTrack:IStageTrackCE | Arrived Illegal 3

73 Y5tageTrack:IStageTrackCE | Stopped Illegal -

74 Y5tageTrack:IStageTrackCE | Terminated Illegal =

75 Terminating_StoppingTracks <IStage.Initialise+, IStage.Calibrate, [Stage.Terminate> =
II_ ISian TInitialicas Tlanal

M_|_|a !.I;“'Iodel size: 625 ASD Function Points [c+(7.0.0) | ﬁ-tonnected é




I Second attempt: results verification

Verification Results . .
'FL"\"'_I',._ =T

B IStage
[x:\Dem.. . trator iproductimodels \5tage. dm] : :
|E1 | | I I|- I|-

Nov @ 21:01

T (]
| | | i |
—

10 Nov @ 21:01

—
. IS toy @Ziul
i IStage
= Madelling Error chedk 150 of Passed < 1m
Livelock ched 150 of Passed < im
Deadlock check 196 of Passed < im
| ILightSensorHAL
B Modeliing Error check 2 wﬁ’ Passed = im
Livelodk ched 9 of Passed < 1m
o IStageTrack
Modeling Error check 68 -.:;?( Paszed < im
Livelock ched 69 of Passed < im
&) IStage
Deterministic chec 173 -f Passed <« im
Modelling Errer check 400 of Passed < im

EF

Deadlock chec 400 rﬁiﬂ, Passed < 1m
Interface Compliance check 510 off Passed < qm
Livelock check 510 1._.::“? Passed < 1m
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I Impact on development process

Context and
Requrements) — =eeesee- »  Implementation Defect Feedback Loop
J, """" > Specification & Design Defect Feedback Loop

— Process and Data Flow

Requirements

Decompose (sub) system

architecture

Designh documentation
Design

Formal

Source
code
[]

verification - .

Tested
Components

. Verification bv tests
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I Impact on development process

Cumulative effort in conventional software development

Cumulative effort based on ASD

Engineering: Requirements, Architecture, and Design

Implementation

Integration & Testing

ASD in practice
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I Practical difference between
I testing and verification

Testing: finding (some, but not all) errorsin T, N T,

Verification: finding all errors in T, U T, U Untested traces

SW under test # Released SW
Tracing off
Testing only Optimizationy” Testing only
exercises the Etc. exercises the
set T, of all set T, of all

possible traces possible traces

Test HW \ # Target HW

Faster CPU’s
Multi-core
R More memory
in practice

17



I Impact on testing phase

= Testing phase shorter:
= Reduces to between 10-20% of end-to-end development work

= Determine quality rather than establish it
= |ncreases objectivity of decision of release
= |ncreases overall predictability of release

= Focus shifts from verification to validation
= Test engineers must possess (more) domain knowledge

ASD in practice
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Future extensions ASD

Lots, but the following ones impact (system) testing:

= More verification tests
= E.g.: Check use of context parameters: write/initialize before read

= Component validation tests
= Does component include certain behaviour
= Does component exclude certain behaviour

= Long(er) term: design time simulation

= Exploration design space supported by design time verification
and validation

= Focus from Testing towards Quality Assurance (like other sister-
engineering disciplines)

ASD in practice 19



I And the results for the industry case?

= 17 ASD components plus hand
written software

= More than 100.000 execution
scenarios verified

= 25.000 LOC in generated C# code

Tech = Defect free software of ASD
components in production use for
several years now without one
single reported (SW) failure!!

ASD in practice 20



I Ericsson Says...

production & maintenance cost 30 to 50% down.

» First project: 350% productivity improvement.
20% lower cost results than available estimate.
1 month ahead of schedule.

Customer: T-Mobile Macedonia.

» Second project: 435% productivity improvement.
Customer: H3G ltaly.

y Scale now




I Questions
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